This study aimed to evaluate the viability of using four lipid products (refined soybean oil, RO; degummed soybean oil, DO; pig lard, PL; and recycled frying oil, FO) as ingredients for pig feed during the finishing phase. The products were previously evaluated for the presence of insoluble impurities, peroxide levels, and total acidity as well as dioxin group, polychlorinated biphenyl, and polycyclic aromatic hydrocarbon contaminants. Eighty 110 day-old pigs, including 40 castrated males and 40 females, with a mean initial weight of 59.01 ± 5.09 kg, were subjected to four treatments (feed containing RO, DO, PL, and FO) for 32 days to evaluate the effect on growth performance, carcass and meat traits and adipocyte diameter. The results for the products did not reveal any degradation or presence of contaminants within the use restriction levels. There were no differences regarding performance, carcass and meat traits, and adipocyte diameter among the treatments. The animals fed FO feed exhibited a poorer loin area and marbling (P<0.07). The tested lipid raw materials are viable for use as ingredients in feed.
Introduction
Using lipid ingredients in the formulation of pig feed is common practice, with feed supplementation usually varying from 1 to 5% (NRC, 2012) . For animals with a high genetic potential, which show higher growth performance and; thus; exhibit greater nutritional demands; lipid sources must be supplemented to meet their demands, in addition to carbohydrates; proteins; and fiber (ROSTAGNO et al., 2011; NRC, 2012) .
The lipid ingredients supplemented into the feed not only favor increased energy consumption by the animals but also improve feed intake and reduce pulverulence at feed factories and are associated with minimizing the release of volatile lipophilic compounds, which have significant olfactory inhibitory effects on consumption by swine (VIEIRA, 2010) , thus improving their growth performance (PETTIGREW; MOSER, 1991; SMITH et al., 1999) .
In Brazil, the following lipid sources are most commonly used to supplement pig feed (in decreasing order of participation): degummed soybean oil, poultry oil, pig lard, beef tallow, and as a co-product derived from the human food industry, recycled frying oil, which has shown an increasing supply due to the increased population and new consumer feeding habits (GIANNETTI; ALMEIDA, 2006; CENTENARO et al., 2008) . Degummed soybean oil is effectively the most abundant; available, and stable of these sources (BEORLEGUI et al., 2010) . In contrast; the use of pig lard; which is considered to have high nutritional value (BOURDON; HAUZY, 1993) , is often limited due to the negative image associated with the nature of the lipid fraction, religious beliefs that hinder its consumption, and the operational difficulties of supplementing it into feed (due to being solid at room temperature). Additionally, in comparison with its frequent use as an ingredient for preparing processed meat products (BACKES et al., 2013) , which have higher aggregate value, the use of pig lard as an ingredient in feed is more restricted (DEMEYER; DOREAU, 1999) . Regarding recycled frying oil, there is little scientific information about its use to supplement pig feed. In the European Union, the use of recycled frying oil as an ingredient in animal feed is not allowed due to the risk of containing toxic compounds arising from its degradation/heating; such as polychlorinated biphenyls (PCBs) and dioxins (BLAS et al., 2010) . Thus, this product is often considered a residue and is subjected to treatments to reduce environmental damage or is used as a raw material for biofuel production.
However, as the supplementation of feed with lipids is generally recognized to increase costs; recycled frying oil has strong appeal as an ingredient in providing animal nutrition (CZAPSKI, 2005) . Its use as a supplement is also supported by a few studies that have revealed that recycled frying oil is irrelevant to organic damage in rats and swine consuming feed containing this ingredients (LUCI et al., 2007; BAUTISTA et al., 2014) , provided that its origin and quality are preserved (WATANABE et al., 2001) .
The concern about the use of lipid ingredients in livestock feed is also due to the possible consequences of the cumulative effect regarding human consumption of contaminated food (DUTHIE, 1993; GHIRETTI et al., 1997; VILUKSELA et al., 1998; QIAO; RIVIERI, 2001 ). Cereals; in addition to oils and fats, are among the most contaminated food sources (MAES et al., 2005) . However, among more than 95% of cases of human exposure to contaminants, 60 to 80% were shown to be related to the ingestion of vegetables or meat, milk, or eggs (FURST et al., 1992; FFS, 2008) .
In this context, this study aimed to determine the physical-chemical quality and presence of contaminants in the main lipid sources available in Brazil and to evaluate the effect of their use as ingredients in pig feed during the finishing phase on animal performance parameters, carcass traits, meat quality and adipocyte morphometry.
Materials and Methods
The project was approved by the Ethics Committee on Animal Use of the State University of Londrina (Universidade Estadual de Londrina), registered under number 17031.2013.86.
Eighty swine (Agroceres-PIC X Penarlan crossbreed), including 40 barrows and 40 females, with a mean initial age of 110 days and a mean initial weight of 59.01 ± 5.09 kg were used. Two animals were housed per pen (one barrows and one female) for 32 days. The pigs were subjected to four experimental treatments consisting of feed containing different lipid sources, including refined soybean oil, degummed soybean oil, pig lard, and recycled frying oil, which were previously analyzed for petroleum ether-insoluble impurities, peroxide value, and total acidity (AOAC, 1996) . Among the lipid sources, refined soybean oil and degummed soybean oil were obtained from an agribusiness cooperative in northern Paraná State, pig lard was obtained from an agribusiness cooperative in southwestern Paraná State, and recycled frying oil was obtained from a private company that collects this product within Paraná State Brazil.
The lipid sources were subjected to the analysis of 24 contaminants according to the methods and recommendations of the US Environmental Protection Agency (US EPA). The following seven contaminants belonging to the dioxin group were evaluated: 2,4,4' trichlorobiphenyl, 2,2 ',5,5' tetrachlorobiphenyl, 2,2',4,5,5' pentachlorobiphenyl, 2,3',4,4,5' pentachlorobiphenyl, 2,2'4,4',5,5' hexachlorobiphenyl, 2,2'3,4,4',5 hexachlorobiphenyl, and 2,2',3,4,4',5,5 , heptachlorobiphenyl, according to EPA Method 1613, using high-resolution gas chromatography and high-resolution mass spectrometry (US EPA, 1997). For the polychlorinated biphenyls (PCBs), US EPA Method 8082A was employed to determine their levels in extracts from solid and liquid matrices via gas chromatography (US EPA, 1996) . The following 16 contaminants belonging to the three polycyclic aromatic hydrocarbon (PAH) categories were evaluated to determine PAHs: naphthalene, acenaphthylene, acenaphthene, and fluorene, MMW-PAHs: phenanthrene, anthracene, fluoranthene, pyrene, benzanthracene, and chrysene, and HMW-PAHs: benzo(b)fluoranthene, benzo(k) fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd) pyrene, dibenzo(a,n)anthracene, and benzo(g,h,i) perylene. US EPA Method 8270D was applied to determine PAH contents via gas chromatography and mass spectrometry analyses (US EPA, 2007).
The experiment for evaluating growth performance was conducted under a randomized block design. The blocks were based on the initial animal weight, with four treatments and ten replicates per treatment, where each stall was one replicate.
All the isocaloric and isonutrient experimental diets (Table 1) were calculated to meet the requirements proposed to support the demands of high-genetic-potential female pigs exhibiting higher performance during the finishing phase (ROSTAGNO et al., 2011) . The energy values for the evaluated lipid sources were obtained from the composition tables reported by Rostagno et al. (2011) , except for recycled frying oil, for which the energy value was obtained from the NRC (1998). composition of the vitamin supplement per kg of product: 62 mg folic acid; 1.625 mg pantothenic acid; 2.500 mg niacin; 100 mg pyridoxine; 12.500 mg feed efficiency improvement additive; 475 mg riboflavin; 75 mg selenium; 100 mg thiamine; 750.000 IU vitamin A; 1.750 mcg vitamin B12; 150.000 IU vitamin D3; 2.500 IU vitamin E; 225 mg vitamin K3; 250 mg antioxidant additive; 6 mineral supplement composition per kg of product: 7.000 mg copper; 40.000 mg iron; 800 mg iodine; 25.000 mg manganese; 55.000 mg zinc.
The animals received water and feed ad libitum throughout the experimental period, during which average daily gain, daily feed intake, and feed conversion were evaluated.
For the carcass and meat evaluations, a 4 x 2 factorial design (4 lipid sources and 2 sexes) was adopted, where each animal constituted one replicate, with a total of ten replicates per treatment. The animals were stunned with an electrical current before slaughter using Petrovina ® IS 2000 equipment containing two electrodes (350 Volts and 1.3 Amperes) for three seconds. After slaughter, scalding, toilette, and gutting, the carcasses were cut longitudinally and immediately weighed to obtain the hot carcass weight. The initial pH of the loin was measured at one hour after slaughter.
After cooling the carcasses at 2 ± 1˚ C for 24 hours, they were individually evaluated to determine the hot carcass weight, cold carcass weight, carcass length, backfat thickness, Longissimus dorsi muscle depth, initial loin pH, final loin pH (after 24 hours of cooling) through a potentiometer Testo, model 205; luminosity (L*), color (a* and b*), water retention capacity, and marbling. The hot and cold carcass weights were used to determine the percentage of carcass weight loss during cooling, as cited by Bridi and Silva (2009) . Backfat thickness and Longissimus thoracis (loin) muscle depth were measured from the height of the last rib to 6 cm from the cut's midline, according to AMSA (2001).
After 24 hours of cooling, a sample of the Longissimus thoracis muscle (approximately 15 cm) was removed from each of the left halfcarcasses. The adjacent fat was removed from each loin, and five sub-samples (approximately 2.5-cm thick) were then collected.
The samples were analyzed at 24 hours after slaughter using a Minolta CR10 portable colorimeter with an integrating sphere and an 8º viewing angle (i.e., d/8 and C illumination to evaluate color). The L* (luminosity), a* (red-green component), and b* (yellow-blue component) components were expressed using the CIELAB color system. The same samples were subjectively evaluated for marbling using photographic standards (NPPC, 1991) , where scores of 1 to 5 were assigned (1 = traces of marbling and 5 = abundant marbling).
Water loss due to dripping was evaluated according to the technique described by Boccard et al. (1981) , and water loss during thawing and cooking were evaluated according to the techniques described by Bridi and Silva (2009) .
Samples from the analyses of water loss by thawing and cooking were used for the evaluation of meat tenderness, in which the samples were stored for 24 hours at 2±2˚ C after cooking. Shear force was measured using a Warner-Bratzler blade adapted to a Stable Mycro Systems TA-XT2i texturometer, oriented perpendicular to the direction of the muscle fibers (BOUTON et al., 1971) . The speed was 5mm/s in pre and posttest and 2mm/s during the test.
To determine the adipocyte diameter, samples (±3 cm) of intramuscular, intraperitoneal, and subcutaneous adipose tissue were collected and treated with a 10% formalin solution. Then, after dehydration and diaphonization in xylene, the samples were cut (3-to-5-micrometer-thick semiserial histological sections; five sections per sample) and stained with hematoxylin-eosin (HE). Evaluation was performed under 40X magnification, using an Olympus BX41 light microscope coupled to a system for capturing Olympus DP11-N images. The images were transferred to a computer and evaluated using Image-Pro Plus® software. Adipocytes were randomly selected, and a total of 30 cells per sample were evaluated.
The data were subjected to analysis of variance, and the means were compared via Tukey's test using the SAEG® statistical program, version 9.1 (UFV, 2007).
Results and Discussion
The values obtained through the physicalchemical analyses of the lipid ingredients (Table 2) , where it can be seen that the values for parameters related to insoluble impurities were very low. There were important relative differences in peroxide values among the analyzed lipid sources. The total acidity values for all the lipid sources were considered low ( Table 2 ).
The analytical results demonstrated that the values for the seven analyzed dioxins and the presence of polychlorinated biphenyls and PAHs were lower than the minimum detection limits for all the lipid sources.
For the performance parameters (Table 3) and carcass (Table 4 ) and meat quality (Table 5 ) traits, there was no difference between the treatments or interaction of the factors for any of the evaluated performance parameters. There was a trend (P<0.07) among the animals fed with recycled frying oilsupplemented feed of exhibiting a reduced loin area and marbling. Regarding the sex factor, the castrated males displayed a greater hot carcass weight and backfat thickness (P<0.05).
Regarding adipocyte diameter (Table 6) , there was no difference among the treatments, although the values exhibited high variation. The results of the analyses of the physicalchemical properties of the lipid sources indicated their quality and safety as raw materials for feed formulation. The insoluble impurity levels of 2 to 4% observed in the oils and fats intended for animal feed are considered acceptable (NRA, 2003) . Regarding the peroxide content determined for refined oil (5.99 mEq/kg), it remained above the recommended limit (5.00 mEq/kg) (BRASIL, 1999) . However, that for degummed oil (9.73 mEq/ kg) indicated an advanced stage of oxidation, and an initial oxidation stage was indicated for the pig lard (2.90 mEq/kg). Nevertheless, all the values were below the recommended maximum limit of 10 mEq/kg (BRASIL, 1999) . In contrast, the peroxide was not detected in the recycled frying oil. For this product, it is noteworthy that the technique for the evaluation of peroxide content likely indicates low peroxide values during the final oxidation phase, considering the high instability of hydroperoxides when being converted into different secondary oxidation products, such as aldehydes and ketones, which is typical in the repeated heating of recycled frying oils (GRAY; CRACKEL, 1992). Nondetection of this compound in recycled frying oil does not predict the parameter's quality.
Concerning total acidity (Table 2) , the values were within the quality standards established by Brasil (2005) and SINDIRAÇÕES (2013).
The detected dioxin levels were below 150 µg/ kg, which validates the safety of the lipid sources in relation to these contaminants. There was a discrepancy between these values and those obtained by Schoppe and Kube-Schwickardi (1996) , who identified 0.4 to 1.1 I-TEQ (ng/kg of fat) in pig lard samples. Likewise, the European Commission (EC, 2000) reported mean values of 1.0 WHO-TEQ/kg of fat for pig lard and 0.2 ng WHO-TEQ/kg of dry matter for soybean oil. Regarding the presence of polychlorinated biphenyls, all the lipid sources exhibited values lower than the minimum detection limit (<150.0 µg/ kg), corroborating the Feeding Fats Safety report (FFS, 2008) , in which 0.04 to 1.10 pg of DL-PCB (WHO-TEQ/g of fat) was identified in 22 samples of pig lard, and 0.05 to 0.43 pg of DL-PCB (WHO-TEQ/g of oil) was identified in 8 samples of recycled frying oil.
The levels of PAH contaminants were lower than the minimum detection limit (<1500.0 µg/kg). This finding corroborates the Feeding Fats Safety report (FFS, 2008) , in which among 36 pig lard samples, only three samples showed PAH contamination (above 2 ng/g BaP), and only two of eight samples of recycled frying oil contained above 2 ng/g BaP. These results show that the frying oils evaluated in the European Union, originating from several sources and origins, are not as depleted as previously thought and that the extent of contamination in frying oils is lower than expected.
The growth performance results indicated that none of the lipid sources interfered with feed palatability, and thus, their consumption had positive consequences for weight gain and feed conversion. Several previous studies involving the supplementation of different lipid sources (both plant-and animal-based products) into pig feed during the growth and finishing phases at different supplementation levels (between 3.87 and 10.97%) also demonstrated that there was no difference in the evaluated performance indices (BEE et al., 2002; LUCI et al., 2007; DURAN-MONTGÉ et al., 2008; REALINI et al., 2010) .
The similar animal performance observed was also due to the physical-chemical properties of these lipid sources (Table 2) , which validates their use as ingredients for supplementation of animal feeds. Furthermore, according to Kellner et al. (2014) , they do not have significant effects on digestibility that are distinct from the other dietary ingredients.
Regarding recycled frying oil, which is generally successively reused before it is intended for use in animal feed, degradation and the formation of toxic compounds, such as monomers, dimers, trimers, and other triglyceride polymers, are common, with these compounds accounting for up to 30% of this ingredient (PIRARD; PAUW, 2005), compromising intake and weight gain. However, this behavior was not effectively observed in the performance indices. Recycled frying oil is also highlighted as being more susceptible to lipid oxidation, given its high unsaturated fatty acid profile, which has negative effects on intestinal functions (BOU et al., 2005; NRC, 2012) . Although oxidation of the frying oil examined in this study was not demonstrated, the evaluated parameters remained unchanged, which may be attributed to the resistance of these domestic animals to the feed's low lipid oxidation levels (NRC, 2012) .
Regarding the effect on intake, Bautista et al. (2014) report that recycled frying oils can even favor this parameter compared with feeds containing raw oils because the latter oils generate more repulsive behavior in animals regarding intake.
Concerning the evaluated carcass traits (Table  4) , the single effect of the sex factor on hot carcass weight and backfat thickness was due to the higher voluntary feed intake associated with this category (ZAMARATSKAIA et al., 2008) .
The results obtained for the carcass parameters reflect the performance indices and show that the tested lipid sources may be used interchangeably. These findings are in accord with those of Bee et al. (2002) and Realini et al. (2010) , who tested two lipid sources (cattle tallow and 5% soybean oil supplementation) and five lipid sources (plantbased, animal-based, and blends, supplemented at from 4.5 to 11%), respectively, and observed no advantages among the treatments.
There was a trend among the pigs fed recycled frying oil-supplemented feed (P<0.10) to exhibit a shallower muscle depth and lower marbling rate.
These results contradict those obtained by Luci et al. (2007) , who found that supplementing recycled frying oil, compared with frying oil used only once, promoted higher mRNA levels corresponding to two regulatory proteins of sterols (SREBP-1 and SREBP-2) and their target genes, leading to stimulation of liver production of triacylglycerol and cholesterol, thus highlighting their lipogenic effects.
The evaluated meat quality parameters indicate that the tested lipid raw materials did not exhibit a risk of compromising consumer demand. These results are similar to those observed by Mitchaothai et al. (2007) , who supplemented pig feed with 5% animal-and plant-based lipid sources during the growth and finishing phases.
The results of the meat percentage analysis corroborated the findings of Halas et al. (2010) and Duran-Montgé et al. (2008) , who demonstrated the possibility of supplementing different lipid sources into pig feed without negative consequences for these parameters, but contradicted those of Kouba and Mourot (1998) and Realini et al. (2010) , who indicated that ingredients with higher linoleic acid levels (plant-based oils compared with pig lard) increase muscle fat deposition.
Adipocyte diameter did not differ among the treatments (Table 6) , which may be due to the isocaloric conditions of the diets and the levels of lipid ingredients supplemented into the rations, despite the high variation observed in the diameter measurements. However, the results contradict those observed by Kouba and Mourot (1998) and Realini et al. (2010) , who indicated that diets with higher contents of linoleic acid increase body fat deposition, promoting a larger adipocyte diameter for pigs fed plant-based oil-supplemented feed, which contains more linoleic acid than pig lard.
Conclusion
The refined soybean oil, degummed soybean oil, pig lard and recycled frying oil evaluated did not exhibit degradation products and contaminants, can be used as lipid ingredients for finishing pig feeds with good results on growth performance, carcass traits, and meat quality.
